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Abstract
Aim Pathologists are currently supposed to be aware of both domestic and international guidelines for breast cancer 
diagnosis, but it is unclear how successfully these guidelines have been integrated into routine clinical practice in 
China. Thus, this national proficiency testing (PT) scheme for breast pathology was set up to conduct a baseline 
assessment of the diagnostic capability of pathologists in China.

Methods This national PT plan is designed and implemented according to the “Conformity assessment—
General requirements for proficiency testing” (GB/T27043—2012/ISO/IEC 17043:2010). Five cases of breast cancer 
with six key items, including histologic type, grade, ER, PR, HER2, and Ki67, were selected for testing among 96 
participants. The final PT results were published on the website of the National Quality Control Center for Cancer 
(http://117.133.40.88:3927/cn/col22/362).

Results Our study demonstrated that the median PT score was 89.5 (54–100). Two institutions with scores < 67 were 
deemed unacceptable. The accuracy of histologic type, ER, PR, HER2, and Ki67 was satisfactory (all > 86%). However, 
the histologic grade showed low accuracy (74.0%). The unacceptable results mainly included incorrect evaluation of 
histologic grade (36.7%), inaccurate evaluation of ER/PR/HER2/Ki67 (28.2%), incorrect identification of C-AD as IBC-
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Introduction
Breast cancer in females is currently the leading cause 
of cancer incidence and the fifth leading cause of can-
cer mortality worldwide in 2020, according to the GLO-
BOCAN 2020 report [1]. The Chinese population-based 
cancer registry data in 2015 also exhibited breast cancer 
with a significant increase in age-standardized incidence 
rate by the world standard population [2]. Moreover, 
breast cancer survival rates in China are lower than those 
in the United States [3]. Therefore, it is necessary for 
China to make further efforts to provide more effective 
cancer care for breast cancer patients.

Concurrently, one of the ongoing efforts to enhance 
breast cancer care in China is the National Single Disease 
Quality Control Program (NSDQCP) for tumors, which 
has been implemented by the National Cancer Center/
National Cancer Quality Control Center (NCC/NCQCC) 
since 2019. In this program, breast cancer was selected 
as the first tumor type to carry out the pilot work, aim-
ing to promote inter-institutional uniformity and stan-
dardization of diagnosis and treatment, and to improve 
the long-term survival rate and quality of life of patients. 
To achieve these goals, the quality of pathology report-
ing must be viewed as an intrinsic component of breast 
cancer care.

So far, Europe and the UK have highly developed inter-
national or national frameworks for external quality 
assessment (EQA) in the diagnosis of breast pathology 
[4, 5]. However, there was no similar nationwide program 
to assess the diagnostic proficiency in China. Generally, 
pathologists are supposed to be aware of both domestic 
and international guidelines for breast cancer diagnosis; 
however, it is unclear how successfully these guidelines 
have been integrated into routine clinical practice in 
China. Therefore, in 2022, the NCC/NCQCC and China 
National Accreditation Service for Conformity Assess-
ment (CNAS) jointly organized the National Proficiency 
Testing (PT) for the Pathological Diagnostic Capability 
of Breast Cancer. This PT program is essential for con-
ducting a baseline assessment of diagnostic capability in 
China and identifying problems for future improvement. 
Our present paper here summarizes the findings and 
experiences of this national PT scheme.

Materials and methods
Program design
This nationwide PT program for pathological diagnosis 
in China was designed and implemented jointly by the 
NCC/NQCCC and CNAS, according to the “Conformity 
assessment—General requirements for proficiency test-
ing” (GB/T27043—2012/ISO/IEC 17043:2010) [6, 7]. The 
PT provider is the pathology department of the National 
Cancer Center/National Clinical Research Center for 
Cancer/Cancer Hospital, which has acquired certifica-
tion of pathological competence through CNAS against 
the standards of ISO15189 [8]. Moreover, an expert panel 
of five pathologists specializing in breast pathology (Q.Z., 
W.Y., Y.L., W.X., and Y.J.) from various tertiary grade A 
hospitals was established.

Participants
This program was piloted among the members (approxi-
mately 200) of the NSDQCP for breast cancer. Based on 
the registration order, the first 100 member institutions 
were selected to participate in this plan. All participants 
were required to be capable of diagnosing breast cancer 
and issuing clinical pathology reports independently.

Test samples selection and preparation
For the purpose of conducting a baseline assessment in 
China, the most common histologic types of breast can-
cer according to the WHO classification [9], as suggested 
by the expert panel, were chose for testing, including 
(1) invasive breast carcinoma of no special type (IBC-
NST, frequency: >70%), (2) invasive lobular carcinoma 
(ILC, frequency: 5–15%), (3) mucinous carcinoma (MC, 
frequency: 2%), (4) invasive micropapillary carcinoma 
(IMC, frequency: 2–0.9%), and (5) carcinoma with apo-
crine differentiation (C-AD, frequency: 1%).

Hematoxylin and eosin (H&E) and immunohistochem-
istry (IHC) glass slides of five cases of breast cancer were 
selected from the routine diagnostic specimen archives 
stored at the PT provider institution. All the specimens 
were fixed and processed according to the recommen-
dations of the American Society of Clinical Oncology/
College of American Pathologists (ASCP/CAP) [10, 11]. 
Breast cancer subtype and histologic grade were diag-
nosed according to the 5th World Health Organization 
classification of breast cancer [9]. The square or circle 
measure tools in the KF-Viewer software was used to 

NST (15.7%), inappropriate use of 1+/2+/3+ rather than staining percentage for ER/PR (6.1%), misclassification of ER/
PR < 1% weak expression as positive staining (1.4%), and no evaluation of histologic grade in ILC, MC, and IMC (5.8%).

Conclusions our nationwide PT program exhibited a satisfactory baseline assessment of the diagnostic capability of 
pathologists in China. More importantly, we identify some areas for further improvement.

Keywords Breast pathology, Proficiency testing, Quality control, Accuracy, Histopathology, Immunohistochemistry
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help mark an identical area for mitotic counting. ER and 
PR testing were performed according to the ASCO/CAP 
guideline update (version 2020) [11]. HER2 detection was 
performed according to the guideline (version 2019) rec-
ommended by the breast cancer expert panel [12].

Initially, these five testing cases were chosen and 
reviewed by G.Y. If the quality and staining of the slides 
were good for testing, the corresponding glass slides, 
including H&E, Ecad, ER, PR, HER2, and Ki67, were 
scanned by J.M. using a KF-PRO-040 Magscanner system 
(KFBIO, China) at a magnification of 20×. The original 
pathological numbers on the glass slides were covered 
with black paper for data protection before scanning. 
Afterwards, these digital slides were then reviewed by the 
expert panel.

Test samples distribution
Considering that all digital copies were made from the 
same digital sources and USB flash disks were purchased 
with the same model and batch, the homogeneity of the 
image was guaranteed. Furthermore, to prevent collu-
sion between participants, each set of digital slides of 
the five cases was saved in a random order on each USB 
flash drive. The original pathological numbers of the five 
cases in each USB flash drive were replaced with com-
mon serial numbers (from 1 to 5). Meanwhile, the list of 
participating institutions was kept confidential through-
out the program to reduce potential inter-laboratory 
communication.

For sample release, 100 USB flash drives were distrib-
uted simultaneously to 100 participating institutions that 
signed up for our national PT program. Each drive con-
tained four files, including (1) digital slides, (2) digital 
slide viewer software (KF-Viewer), (3) operation guide, 
and (4) confirmation form for receiving status.

Reporting system development
An online reporting system was developed for our PT 
program. After completing the final results on the web-
site, each participant submitted their results online and 
simultaneously printed a copy of the result. This paper 
copy will be signed by the director of each institution and 
sent back to our center as a final confirmation file. After-
wards, the originally distributed USB flash disk with the 

signed paper copy of the result was required to be sent 
back to our center.

Assigned values generation
In order to setup assigned values (gold standards) for 
testing, the digital slides were summitted to each expert 
for evaluation using the Lenovo ThinkCentre E700 with 
27-inch IPS full HD Monitor. Then we collect the results 
from all five experts, and generated the assigned values 
according to the agreement among the experts. For the 
histologic type, histologic grade and HER2-IHC score, 
the results with ≥ 60% agreement were considered as the 
assigned values. For the ER, PR and Ki67, the median 
value (with the range of minimal and maximal values) of 
results were determined as the assigned values.

Evaluation of results of proficiency testing
Meanwhile, based on a full discussion and related guide-
lines [9–12], the assigned value and uncertainty of each 
item were rendered by the expert panel (Table 1). Thus, 
a performance evaluation system for PT was developed 
(Fig. 1). For example, the assigned value of HER2 for C1, 
C3, and C5 was 1+. Good performance was considered 
if some participants reported 1+ in these cases. Accept-
able performance was considered if some participants 
reported 0 or 2+. Otherwise, unacceptable performance 
was determined when any 3+ was reported (Fig. 1).

In this evaluation system, each case had 20 points: (1) 
3 points for histologic type, (2) 3 points for histologic 
grade, (3) 4 points for HER2, (4) 4 points for ER, (5) 4 
points for PR, and (6) 2 points for Ki67. A maximum PT 
score of 100 points was assigned to each participant.

Data statistics
In our study, the participating institutions were expected 
to generally have high scores toward to the 100 points, 
and only a few institutions were thought to have low 
scores. Therefore, the PT scores should have a left-
skewed distribution rather than a normal distribution. 
Thus, a Weibull distribution was employed to describe 
the probability of PT scores among participating 
institutions.

Herein, “fitdistr” analysis in “MASS” package to calcu-
late the scale and shape values of Weibull distribution, 

Table 1 Assigned values of six key pathological items in five cases
No. Type Grade ER PR HER2 Ki67
C1 C-AD 2 −, 0% −, 0% 1+ 15%

C2 IBC-NST 2 +, 80% strong +, 60% strong 2+ 15%

C3 IMC 2 +, 80% strong +, 70% strong 1+ 25%

C4 MC 1 +, 90% strong +, 90% strong 2+ 10%

C5 ILC 2 +, 80% strong +, 20% weak 1+ 30%
C-AD carcinoma with apocrine differentiation, IBC-NST invasive breast carcinoma of no special type, IMC invasive micropapillary carcinoma, MC mucinous carcinoma, 
ILC invasive lobular carcinoma
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and “KS.test” was used to test Weibull distribution. 
“ggpubr” and “REmap” packages were used to plot data.

As to the interobserver variability, intraclass correla-
tion coefficient (ICC) was calculated for continuous vari-
ables (including ER, PR, and Ki67), and Fleiss’s Kappa (κ) 
was calculated for categorical data evaluated (including 
histologic type, histologic grade, and HER2). The levels 
of agreement, determined by the kappa or ICC statistic, 
were categorized as follows: weak (≤ 0.20), fair (0.21–
0.40), moderate (0.41–0.60), good (0.61–0.80), and per-
fect (0.81–1.00).

All statistical analyses were performed in R (ver-
sion 3.6.0, https://www.r-project.org/), and lower-tailed 
p < 0.01 for PT score was considered as significantly 
unacceptable. The final PT results were published on the 
website of the National Quality Control Center for Can-
cer (http://117.133.40.88:3927/cn/col22/362).

Results
Characteristics of 96 participating institutions
Initially, 100 institutions signed up to participate in this 
national PT program. However, we finally collected valid 
results from 96 institutions across 26 provinces/munici-
palities/autonomous regions in China (Fig.  2A). 95% of 
them were tertiary grade A hospitals (Fig.  2B). Mean-
while, 81% of them were general hospitals with a median 
bed capacity of 2200, and 18% were specialized hospitals 
with a median bed capacity of 1520, and the remaining 
one (1%) was an independent pathology center (Fig. 2C, 
D).

Generation of assigned values for six items
The digital slides were summitted to each expert for 
evaluation. Afterwards, we collected the results from 
all five experts. The detailed variability on the various 
parameters among the experts was showed in the fol-
lowing figure (Fig. 3). Except for the HER2 score on C3 
case that showed 60% agreement among the experts, the 
other HER2 score, histologic type and grade all dem-
onstrated ≥ 80% agreements. Based on the agreement 
among the experts, the assigned value of each item was 
generated (Table 1).

Performance of six key items among five cases
This PT program demonstrated satisfactory accuracy for 
histologic type (87%), ER (98%), PR (89%), HER2 (94%), 
and Ki67 (98%) (Fig. 4A). Regarding hormone receptors, 
ER and PR with non-standard assessments accounted for 
2% and 3%, respectively (Fig.  3A). The histologic grade 
showed low accuracy (74.0%) (Fig.  4A), of which the 
inconsistent histologic grade accounted for 22%, and the 
grade not evaluated accounted for 4%.

Regarding specific cases determined by 96 institutions, 
C-AD showed low accuracy for histologic type (50%, 
48/96) and PR (55%, 53/96). 45% (43/96) of the institu-
tions incorrectly identified histologic type of C-AD as 
IBC-NST. Meanwhile, ILC demonstrated a relatively high 
proportion of incorrect histologic grades (40%, 38/96), 
including incorrect evaluation (34.4%, 33/96) and no 
evaluation (5.2%,5/96) (Fig. 4B).

As to the interobserver variability of six key items 
among five cases, the results from participants showed 

Fig. 1 Performance evaluation system for PT results of six key items
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Fig. 2 Overall characteristics of participating institutions across China. A Geographic distribution of 96 institutions in 26 provinces/municipalities/au-
tonomous regions was demonstrated in the map of China. B Grades of 96 institutions were showed in the donut charts. C Classifications of 96 institutions 
were showed in the donut charts. D Bed capacity between general and specialized hospitals was showed
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perfect interobserver agreement for ER (ICC = 0.947) 
and PR (ICC = 0.916). It exhibited good interobserver 
agreement for Ki67 (ICC = 0.646) and histologic type 
(κ = 0.799), and fair agreement for histologic grade 
(κ = 0.274).

Overall analysis of unacceptable results
Unacceptable results can be separated into three catego-
ries: incorrect evaluation (86.7%), non-standard evalua-
tion (7.5%), and no evaluation (5.8%) (Table 2).

Among the causes of incorrect evaluation, inconsistent 
histologic grade accounted for 36.7%; incorrect identifica-
tion of C-AD as IBC-NST accounted for 15.7%; and inac-
curate evaluation of ER/PR/HER2/Ki67 accounted for 
28.2% (Table 2). Among the causes of non-standardized 
evaluations, some were inappropriate use of 1+/2+/3+ 
rather than the staining percentage of cancer cells for ER/
PR (6.1%); and some were misclassification of ER/PR < 1% 
weak expression as positive staining (1.4%) (Table  2). 
Moreover, no evaluation of histologic grade in ILC, MC, 
and IMC was found, accounting for 5.8% (Table 2).

Distribution of PT scores across 96 participating 
institutions
In this study, the average and median PT scores were 
87.8 and 89.5, respectively. The maximum and minimum 
scores were 100 and 54, respectively.

As expected, the PT scores across the 96 participat-
ing institutions demonstrated a left-skewed distribution, 
which fitted well using the Weibull distribution. The scale 
and shape values were 90.9 and 15.6, respectively. KS.test 
for the Weibull distribution yielded p = 0.22. Based on 
probability, a score below 67 indicated p < 0.01. Thus, the 
cut-off score for unacceptable PT performance was 67. 
Accordingly, two participating institutions with scores 
below 67 were deemed unacceptable and required fur-
ther improvement (Fig.  5A). Meanwhile, there was no 
significant difference in PT score between general and 
specialized hospitals (p = 0.827) (Fig. 5B).

Discussion
The quality of pathology reports is vital for cancer care 
and monitoring. A thorough and accurate report can 
assist clinicians in selecting the most appropriate treat-
ment for each patient. Pathologists are currently expected 

Fig. 3 The detailed variability on the various parameters among the experts. A The detailed variability of histologic type, histologic grade and HER2. B 
The detailed variability of ER, PR and Ki67
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to be aware of both domestic and international guidelines 
for breast cancer diagnosis, but it is still unclear how 
successfully these guidelines have been integrated into 
routine clinical practice in China. Thus, in 2022, NCC/
NQCCC and CNAS collaborated to launch this national 
PT scheme for the Pathological Diagnostic Capability of 

Breast Cancer in China, which is pivotal to the baseline 
assessment of diagnostic capability for pathologists, and 
also crucial for quality control and future improvement.

In this PT program, six key pathological items for 
breast cancer were chosen to evaluate the performance 
of pathological diagnostic capability of the participants. 
These items impacted not only the accurate pathological 
diagnosis, but also the therapeutic decision and prognos-
tic indication. Therefore, these items was recommended 
for mandatory evaluation in all invasive breast carci-
noma [9, 11–13], which were also strongly recommended 
as essential quality indicators in breast cancer care by 
EUSOMA [14, 15].

Our study showed high performance of IHC evalua-
tion, including ER, PR, HER2, and Ki67, but relatively low 
accuracy of histological assessment of tumor type and 
grade. The most obvious example is that 45% (43/96) of 
institutions incorrectly determined the histologic type of 
C-AD as IBC-NST. This indicates that some institutions 
mainly focus on the interpretation of IHC, while paying 

Table 2 Overall analysis of unacceptable results
Overall analysis of unacceptable results (100%)
Incorrect evaluation (86.7%)
 Incorrect identification of C-AD as IBC-NST 15.7%

 Incorrect evaluation of histologic grade 36.7%

 Incorrect evaluation of ER/PR/HER2/Ki67 28.2%

 Others 6.1%

Non-standard evaluation (7.5%)
 Inappropriate use of 1+/2+/3 + rather than staining percent-
age for ER/PR

6.1%

 Misclassification of ER/PR < 1% weak expression as positive 
staining

1.4%

No evaluation of histologic grade in ILC, MC and IMC (5.8%)

Fig. 4 Overall performance of six key items. A Overall performance of six key items by 96 institutions. B Overall performance of six key items across each 
individual case

 



Page 8 of 10Xue et al. BMC Cancer           (2024) 24:23 

less attention to morphological changes, which is a mat-
ter of some concern. There may be several reasons for 
this phenomenon. First, according to the current NCCN 
guideline, many subtypes of invasive carcinoma are 
treated similarly, and the therapy selection may largely 
depend on the IHC findings of ER, PR, and HER2 [13]. 
Second, China now has well-established EQA program at 
a national level to assess the consistency and accuracy of 

IHC staining and the interpretation of ER, PR, and Ki-67 
[16]. However, before the implementation of our PT pro-
gram, a thorough nationwide assessment of pathologists’ 
diagnostic skill was still lacking in China, Therefore, it 
seems that this phenomenon might be a systemic issue at 
present, which require further investigation. While, a fact 
we need to highlight is that the NCCN treatment recom-
mended therapeutic algorithms still begin with histologic 

Fig. 5 Overall distribution of PT scores. A Overall distribution of PT scores across 96 institutions. B Distribution of PT scores between general and special-
ized hospitals (b) were exhibited
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subtype, followed by the ER, PR, and HER2 status. Some 
of the pure subtypes of breast cancer, such as mucinous 
carcinoma as mentioned in the NCCN, are thought to 
have better outcomes than others, and are treated differ-
ently [13]. Even for the C-AD, the currently inconsistent 
findings of clinical follow-up may be partial due to the 
use of different criteria for the diagnosis, as indicated by 
the latest WHO classification [9]. Thus, it is necessary to 
adhere to the strict diagnostic criteria for the diagnosis 
of histologic types, at least it would be helpful to identify 
the pure histologic type or a combination with other sub-
types, which, in turn, facilitates future clinical research. 
Therefore, to better improve the overall capability of 
pathological diagnosis of breast cancer in China, training 
and education in the related guidelines and recommen-
dations, making them more explicit, are still necessary.

Furthermore, our study showed 34.4% (33/96) of insti-
tutions having the wrong histologic grade. The interob-
server agreement for histologic grade among participants 
in our investigation (κ = 0.274) was relatively lower 
than that observed in PS Ginter et al. study which indi-
cated a moderate level of agreement using digital slides 
(κ = 0.497) [17]. This discrepancy could be partially due 
to the lack of consensus or guideline for grading tumors 
on digital slides. Meanwhile, interobserver agreement 
for histologic type among participants in our study 
(κ = 0.799) was higher that of external quality assurance 
scheme in UK (κ = 0.57) [4], and a study involving 12 dif-
ferent countries in Europe (κ = 0.58) [5]. This difference 
was likely due to the limited subtypes of cancer for test-
ing in our study, which required further improvement.

Meanwhile, regarding non-standard evaluation or 
even not carrying out evaluation for some key items, the 
template-based synoptic reports/checklist pathologi-
cal reporting system would be able to effectively address 
these issues. Template-based synoptic reporting for 
breast resection specimens has been shown to improve 
the comprehensiveness of pathology reports and clar-
ity of data organization, generating a more user-friendly 
report for clinicians [18]. Despite the widespread rec-
ognition of the efficacy of synoptic reporting, its imple-
mentation in China remains limited. Our institution 
developed a template-based synoptic report system in 
2021 for surgical resection of breast cancer specimens, 
which significantly improved the reporting quality and 
variability among pathologists. Given the problems high-
lighted by this national PT scheme, we will share our 
center’s experiences in the near future to improve the 
inter-laboratory variability and comprehensiveness of 
pathology reports, such as the construction of a tailor-
made template-based synoptic report system and its 
integration into the currently used traditional narrative 
descriptive reporting system.

There are some limitations to our study. First, although 
the integration of digital slides into routine clinical prac-
tice is increasingly, evaluating pathologic changes on 
digital slides is still a challenge for many pathologists. 
Second, despite offering the standardized software (KF-
Viewer) for participants, we did not establish standard-
ized requirements for the setting of the display and other 
hardware components, which may introduce potential 
bias for the testing. Third, the number of testing cases in 
our schemes is five, which seems to be relatively small.

In order to addressed the abovementioned shortcom-
ings, several actions can be taken in future rounds of the 
PT program. Firstly, training for interpretating patho-
logic changes on digital slides is necessary, especially the 
instruction on tumor grading. Secondly, conducting a 
survey of the participants in learning about their daily-
used hardware configuration, particularly the monitor. 
Accordingly, we try to setup a widely acceptable and 
accessible criteria for the display and other hardware 
components. Thirdly, the number and subtype of cases 
for testing should be expanded to acquire more compre-
hensive baseline assessment of the diagnostic capabil-
ity of pathologists in China. Last but not the least, since 
the promising clinical use of Trastuzumab deruxtecan 
(T-DXd) in patients with IHC-based HER2-Low (1+, and 
2+/FISH−) metastatic breast cancer was revealed by the 
Destiny-Breast04 study [19], the identification of a subset 
of “HER2-Low” breast cancers has attracted pathologists 
attention. Thus, in the next round of PT scheme, besides 
including the full spectrum of grades of HER2-IHC in the 
testing cases, we also intend to conduct a more compre-
hensive investigation into the HER2-low interpretation in 
China, which may benefit from upcoming more T-DXd-
like HER2-targeted therapies.

Moreover, this nationwide PT program was a pilot 
study that enrolled only the first half of the members of 
the NSDQCP for breast cancer. In 2023, we will launch 
the next round of scheme to evaluate more member insti-
tutions; thus, we will acquire a more comprehensive view 
of the performance of pathologists in China. We believe 
that this PT scheme will play a crucial role in constantly 
monitoring and improving the competence of Chinese 
pathologists in breast pathology.

In conclusion, our study exhibited a satisfactory base-
line assessment of the diagnostic capability of patholo-
gists in China. More importantly, we identified several 
problems that could be improved by clarifying related 
pathology guidelines and implementing a template-based 
synoptic reporting system in the future.
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